Background: Coronary artery bypass grafting has been widely admitted in the therapeutic arsenal of coronary artery disease in diabetics with low morbi-mortality. However, it requires special management which may be challenging in low-volume centers especially in African countries. We aimed to analyze the outcome of coronary artery bypass graft in our diabetic population and define predictors of adverse events. Patients and methods: We retrospectively enrolled 529 consecutive diabetic patients (type 2) who underwent onpump coronary artery bypass grafting at our institution between January 2000 and June 2018. The mean age was 61.1 ± 8.3 years with 4.04 as sex ratio (M/F) and 2.95 as mean EuroSCORE II. History of acute myocardial infarction, left main coronary artery stenosis, and three-vessel disease was present in respectively 58%, 26.1%, and 72.2% of patients. The average number of bypass was 2.4 ± 0.8. Duration of cardiopulmonary bypass and aortic crossclamping were respectively 124.8 ± 43.5 and 79.7 ± 32.9 min. Results: In-hospital mortality was 5.9% (n = 31) and the late mortality was 6.9% (n = 32). Duration of artificial ventilation, ICU stay, and postoperative stay were respectively 7 h, 44 h, and 13 days. Postoperative complications were myocardial infarction, superficial wound infection, mediastinitis, and low cardiac output syndrome in respectively 9.1%, 25.5%, 3.8%, and 12.7% of patients. Multivariable logistic regression analysis revealed that left ventricular ejection fraction < 40% (OR = 1.88; 95% CI 1.30-2.47; p = 0.03), poor perioperative glycemic control (OR = 1.53; 95% CI 1.12-2.38; p = 0.014), intra-aortic balloon pump insertion (OR = 2.29; 95% CI 1.47-3.10; p < 0.001), and postoperative cardiac complications (OR = 2.01; 95% CI 1.23-2.78; p < 0.001) were predictors of in-hospital mortality. Predictors of mediastinitis were obesity (OR = 5.86; 95% CI 1.43-23.95; p = 0.014), inotropic drugs use (OR = 8.14; 95% CI 1.57-42.34; p = 0.013), chest reopening for bleeding (OR = 4.01; 95% CI 0.62-25.85; p = 0.014), and blood transfusion (OR = 7.56; 95% CI 1.09-52.76; p = 0.041). Follow-up was 86.1% complete, with a mean follow-up of 63.5 ± 48.3 months (1-192 months), and cumulative survival at 5, 10, and 15 years was respectively 95.5 ± 1.1%, 86.3 ± 2.9%, and 76.9 ± 6.9%. Conclusion: Even in low-volume centers in developing areas, coronary artery bypass surgery is an effective therapy for coronary artery disease in diabetic patients despite a relative high morbidity and mortality.
Background
Diabetes mellitus (DM), an important risk factor of coronary artery disease (CAD) [1, 2] , is a rapidly progressing public health problem in our country, with a prevalence in adult population varying from 6.6% in 2000 to 12.4% in 2016 [3] [4] [5] . This unrestrained evolution of DM and CAD among our population has drastically modified our surgical activity formerly dominated by rheumatic valve disease and now balanced by coronary artery bypass grafting (CABG) which has been largely described by the most internationally accepted studies as the standard of care for CAD [6] [7] [8] . DM is constantly increasing throughout the world [9, 10] , especially in developing countries, because of rapid changes in lifestyles and dietary habits [11] . However, these radical changes have not been followed, as is the case in developed countries, with adequate care. Therefore, diabetics in developing countries had more complications because of delayed diagnosis and treatment which might have a negative impact on surgical results [11] .
Traditionally, DM has been associated with poor results and adverse outcomes after CABG for both the short term and long term [12] [13] [14] . However, several recent series conducted mainly in developed countries have shown that DM is not in itself an additional risk in CABG with almost similar results in diabetic and nondiabetic patients [12, [15] [16] [17] . However, can these results obtained in high-volume and experienced centers in high socio-economic countries be replicated in low-volume centers in developing areas such as Africa? This concern is largely justified by the frequency of co-morbidities and degenerative disorders which require special management and may be challenging in low-income African countries. The aim of the current study was to analyze the outcome of CABG in diabetic population and to define predictors of adverse events.
Methods

Study design
After approval of our institutional review board and registered in ISRCTN registry, we conducted an observational retrospective cohort study about outcomes of CABG in diabetic patients. We collected and analyzed the data of 529 consecutive type 2 diabetic patients who underwent on-pump CABG at our institution between January 2000 and June 2018. Data were extracted from preoperative and postoperative clinical notes, anesthesia and operating data records, intensive care unit (ICU) progress notes, and laboratory data. Patients were divided into two groups: insulin-treated group (IT group) (n = 322) and noninsulin-treated group (NIT group) (n = 207).
Inclusion and exclusion criteria
The inclusion criteria were all type 2 diabetic patients with diagnostic coronary artery disease and who underwent on-pump CABG. The exclusion criteria were type 1 diabetes and off-pump CABG.
Definitions DM type 2 is defined according to the American Diabetes Association as fasting plasma glucose (FPG) ≥ 126 mg/dl or 2-h plasma glucose ≥ 200 mg/dl during oral glucose tolerance test and A1c hemoglobin (HbA1c) ≥ 6.5% [2] . All patients underwent a systematic arterial ultrasound examination of the abdominal aorta, the supra-aortic trunks, and the lower extremity arteries for peripheral atherosclerosis. In case of significant stenosis, a CT scan was performed. Polyvascular atherosclerotic disease (PVAD) was defined as follows a history of vascular reconstruction; bypass surgery or percutaneous intervention on carotid, abdominal aorta, or any peripheral artery for atherosclerotic lesion; documented aortic aneurysm; or significant atherosclerotic arterial stenosis. Anemia was defined as hemoglobin level below 11 g/dl for women and 13 g/dl for men.
Diabetes management
Anti-diabetic treatment was substituted 2 days before surgery by a standard sliding scale subcutaneous insulin injection. In the operating room and ICU, blood glucose level (BGL) was routinely measured and controlled by intermittent intravenous injection of insulin or by continuous intravenous insulin (50 IU of insulin in 50 ml 0.9% normal saline) adjusted to target intraoperative BGL between 120 and 180 mg/dl. In the ward, patients were switched back to subcutaneous insulin injection and then resumption of the preoperative anti-diabetic regimen usually on the fifth postoperative day.
Operative protocol
All patients were operated according to the same protocol by the same team. General anesthesia was made by cisatracurium besylate, midazolam, thiopental, and propofol. After sternotomy, the pericardium space was opened and the internal thoracic arteries (ITA) and the saphenous vein graft (SVG) were harvested. Initially, for almost all diabetic patients, only the left internal thoracic artery (LITA) was harvested in addition to the SVG until 2010, when we started to harvest both skeletonized ITA. Bilateral internal thoracic artery (BITA) was avoided in patients with one of the following criteria: age > 70 years, obesity, and chronic obstructive pulmonary disease.
Cardiopulmonary bypass (CPB) conventionally performed by standard aortic and venous cannulation was conducted under moderate systemic hypothermia (32°C). Myocardial protection was achieved with antegrade cold (4°C) crystalloid St. Thomas cardioplegia and/or antegrade cold blood cardioplegia. We carried on by the right coronary artery anastomosis, then the left marginal arteries, and finally the left anterior descending artery. After aortic clamp release and heart defibrillation, proximal anastomoses to the ascending aorta were performed by partial aortic clamping.
Postoperative management and follow-up
Postoperative events and results are described as follows: in-hospital mortality indicates death occurring during the hospitalization in which CABG was performed, an early complication was defined as an event occurring during hospitalization, and a late complication was defined as an event occurring after discharge. A bleeding event is any episode of major internal or external bleeding that causes death, hospitalization, or permanent injury or required blood transfusion. A neurologic event includes any new, temporary, or permanent focal or global neurologic deficit. Cardiac complication was defined by one of the following: inotropic drug ≥ 72 h, acute myocardial infarction (AMI), low cardiac output syndrome (LCOS), insertion of intra-aortic pump balloon (IABP), return to operating room for bleeding or tamponade, new onset of atrial fibrillation (A. Fib), permanent pacemaker placement, or in-hospital cardiac arrest. Respiratory complication was defined by one of the following: lung collapse, atelectasis, acute respiratory distress syndrome, respiratory failure and pleural effusions, duration of mechanical ventilation ≥ 24 h, re-intubation, or tracheostomy. Infective complication was defined by one of the following: pneumonia, sternum or leg wound infection, mediastinitis, or sepsis. Renal complication was defined by new-onset renal failure (serum creatinine elevation > 2 times) or new-onset renal replacement therapy.
Follow-up data were obtained from our local database. After discharge, all patients were included in our scheduled follow-up protocol with routine clinical controls at 1, 3, 6, and 12 months and annually afterwards. Followup data were provided either routinely by our outpatient clinic evaluation (medical visits of the systematic and programmed controls) or by telephone interviews with patients, relatives or referring physicians. The control was based on clinical examination, electrocardiogram, chest X-ray, and echocardiography. In case of residual angina, exertional dyspnea, and electrical or echocardiographic signs of myocardial ischemia, patients were explored by stress test and coronary angiogram.
Statistical analysis
The statistical analysis was performed by IBM statistical package software for social sciences 19.0 (SPSS, Chicago, IL, USA). Data were presented as mean ± standard deviation (SD), median (range), and n (%). For comparisons, chi-square test or Fisher's test were used for categorical variables and Student's t test or non-parametric Wilcoxon rank-sums test for continuous variables. Survival curves were made with Kaplan-Meier method with group comparisons by log-rank test. Independent predictors of inhospital mortality and adverse outcomes with a p value of less than 0.2 on univariate analysis were considered in the multivariate analysis using stepwise selection. Results are expressed using odds ratio (OR). For all analyses, p values < 0.05 were considered statistically significant.
Results
Total population: See Table 1 .
Baseline characteristics
The mean age of patients was 61.1 ± 8.3 years with 4.04 as sex ratio (M/F). More than three cardiovascular risk factors were found in 32.9% of patients, and mean body mass index was 26.5 ± 3.4 kg/m 2 . Previous percutaneous coronary intervention and vascular surgery were respectively noticed in 10% and 1.9% of patients. Angina was present in 93.8% of patients, and 42% had Canadian Cardiovascular Society class 3-4. New York Heart Association (NYHA) class 3-4 was found in 23.6% of patients. A. Fib and chest X-ray cardiomegaly were detected respectively in 1.7% and 34.6% of patients. Left ventricular (LV) ejection fraction and systolic pulmonary arterial pressure were respectively 55% (range 20-80%) and 25 mmHg (range 12-96 mmHg). More than mild mitral regurgitation was found in 12.7% of patients. EuroSCORE II and HbA 1 c were respectively 1.68 (range 0.7-47) and 8% (range 5.3-14.9%).
Operative data CPB and aortic cross-clamping times were respectively 124.8 ± 43.5 min and 79.7 ± 32.9 min. Cardioplegia protocol consisted of three categories: cold blood cardioplegia (45.7%), cold crystalloid (39.5%), and mixed cardioplegia (14.7%), and 10% of patients had hot reperfusion just before aortic clamp release. The used grafts were LITA, SVG, and RITA in respectively 97.2%, 78.4%, and 17.4% of patients with 20.6% as rate of all arterial revascularization. Complete revascularization was achieved in 50.5% of patients, and the main reason of the incomplete revascularization, as mentioned on individual surgical reports, was the complexity of lesions and the poor quality of coronary arteries which were of small caliber and unsuitable for bypass. CABG was associated to other procedures in 53 patients (10%) and consisted of 24 aortic valve replacements (4.5%), 10 carotid surgeries, 9 mitral valve replacements, 3 mitral and aortic valve replacements, 1 mitral valve replacement with tricuspid repair, 1 LV aneurysm repair, 1 postinfarction ventricular septal defect (VSD) closure, 1 LV aneurysm repair with VSD closure, 1 abdominal aortic aneurysm repair, and 1 peripheral vascular surgery. Those associated procedures were significantly associated with high rate of mortality (p < 0.001) and all cardiac complications (p < 0.001). The weaning of CPB was difficult in 48 patients (9.1%) and needed inotropic drug use and intra-aortic balloon pump insertion in 40 patients (7.6%).
Postoperative course
The postoperative course was marked by complications in 44% of patients; half was benign in nature (paroxystic A.
Fib, transient hypoxemia, and poor glycemic control). Cardiac complications were present in 22.1% of patients and were as follows: inotropic drugs use ≥ 72 h (19.5%), LCOS (12.7%), IABP insertion (9.3%), and AMI (9.1%). However, infections were the most frequent complications (26.8%); the rate of mediastinitis was 3.8% while wound infection and pneumonia rates were respectively 25.5% and 8.7%. Glucose level was poorly controlled in 34.6% of patients. Univariate and multivariate binary logistic regression analysis identified several independent predictors of inhospital and late mortality and major adverse cardiac and cerebral event (MACCE) ( Tables 2 and 3 ).
Intergroup comparison
We compared IT and NIT group data and found that preoperative parameters were quite similar except for some variables such as diabetes duration, anemia, PVAD, degenerative retinopathy and nephropathy, EuroSCORE II, fasting plasma glucose, HbA 1 c, and C reactive protein which were worse in the IT group. However, gastro-duodenal ulcer was more frequent in the NIT group (6.3% vs. 1.9%, p = 0.01). There were no significant differences in echocardiography and coronary angiogram findings.
Operative data showed an almost complete similarity between the two groups with no significant difference in surgical techniques, number of distal anastomoses, and grafts used except for complete revascularization which was significantly more reached in the NIT group.
In contrast, outcomes were clearly different, since the IT group showed significantly higher morbidity and mortality. All cardiac complications were significantly more frequent in the IT group except for the rate of AMI which was higher in the IT group without crossing the threshold of significance (10.6% vs. 6.8%, p = 0.163). Pneumonia and superficial wound infection rates were also significantly higher in the IT group (29.5% vs. 19.3%, p = 0.01; and 11.2% vs. 4.9%, p = 0.011 respectively), but the difference was not significant for mediastinitis (4.3% vs. 2.9%, p = 0.49) ( Table 4 ).
Follow-up and long-term outcomes
Follow-up was closed on June 1, 2019, and was 86.1% complete, with a cumulative duration of follow-up of 30, 692 patient-years and a mean follow-up period of 63.5 ± 48.3 months (1-192 months). Mortality rate was 6.9% (n = 32), and cumulative survival calculated by Kaplan-Meier method at 5, 10, and 15 years was respectively 95.5 ± 1.1%, 86.3 ± 2.9%, and 76.9 ± 6.9% (Fig. 1) , with no significant difference at 15 years between the IT and NIT groups (respectively 72.2 ± 13.5% vs. 79.5 ± 7.8%; p = 0.311) (Fig. 2) . Similarly, there was no significant difference between complete and incomplete revascularization (respectively 74.9 ± 9.8% vs. 80.1 ± 8.2%; p = 0.69) ( Figs. 3 and 4 ). Exertional angina and NYHA class 3-4 were respectively observed in 6.1% and 5.6% of patients. Rehospitalization for MACCE was observed in 26.8% of patients (27.2% of cardiac events and 1.8% of stroke). Myocardial revascularization was needed in 6.9% of patients (1 redo CABG because of graft failure and 30 percutaneous coronary interventions). There was no significant difference between IT and NIT groups except for hospitalizations for heart failure (8.6% vs. 1.7%; p = 0.002).
In contrast, some variables were identified in univariate analysis as having a protector effect on late outcome such as BITA use (OR 1.53, 95% CI 1.01-2.5; p < 0.001), complete revascularization (OR 1.31, 95% CI 0.48-1.71; p = 0.03), all-arterial revascularization (OR 1.62, 95% CI 0.87-1.93; p = 0.008), and hot blood reperfusion (OR 1.42, 95% CI 1.10-1.83; p = 0.08), but on multivariate analysis, only complete revascularization (OR 1.70, 95% CI 1.12-2.31; p = 0.04) and hot blood reperfusion (OR 1.22, 95% CI 1.06-1.80; p = 0.02) were statistically significant predictors of better outcome.
Discussion
As the main finding of our study, CABG can provide relatively good results in diabetic patients with acceptable morbidity and mortality even in low-volume centers in low-middle-income countries. In addition, we have identified several parameters as independent predictors of in-hospital mortality (Table 3) . Indeed, our in-hospital mortality rate was relatively high in comparison with large series in developed countries [13, 16, 18, 19] , with also a high incidence of postoperative complications.
Surely, the literature had widely debated and treated the outcome and results of CABG in DM in all its aspects, but unfortunately, it is largely dominated by However, what about the situation in small centers in developing countries? In our daily practice, we are always extrapolating data from experiences of centers which share few things with our realities. Our study has the advantage to reflect as closely as possible the real-life situation in centers like ours and put the spotlight on the difficulties faced daily to perform CABG in "our" diabetic patients who present a high prevalence of chronic diabetic complications with microvascular lesions which were mainly due to non-compliance with diet, medications, lack of therapeutic education, and delay between the onset of diabetes and diagnosis time. Chadli et al. found in an epidemiologic study that the majority of diabetic patients in our country had at least one diabetes-associated complication and did not achieve the recommended triple target of glycemic, blood pressure and lipid control, suggesting that there is a huge gap between evidence-based diabetes management and real-life practice [20] . Bos et al. stipulated that most diabetic patients in northern Africa were unaware of their complications, and a high percentage of patients with severe complications had never been consulted by a specialist before [11] . Similarly, our patients referred for CABG often had severe diabetic complications and comorbidities such as micro-and macroangiopathy, renal failure, PVAD, and anemia, and frequently, they have never had an evaluation of their cardiovascular system until after the declaration of complications such as inaugural AMI whose rate in our series remains very high. We experienced that perioperative management of diabetes is one of the key of safe, secure, and efficient CABG. Poor perioperative glycemic control was clearly identified in our study as an independent predictor of in-hospital mortality, MACCE, and mediastinitis. That has been shared by most investigators who have focused on the association between perioperative hyperglycemia and mortality after CABG [21] [22] [23] . Ujueta et al. mentioned that peri-procedural BGL is associated with adverse clinical outcomes, by the bias of mechanisms of harm including increased inflammation, platelet reactivity, and endothelial dysfunction [24] . Magaji et al. showed the clear benefit of maintaining BGL between 110 and 140 mg/dl in immediate postoperative cardiac surgery by adopting a continuous insulin injection protocol for both glycemic control and hypoglycemia prevention [25] .
Several studies had shown that insulin therapy was associated with higher mortality and morbidity [12-14, 18, 26, 27] . In our study, it has been associated in univariate analysis to higher in-hospital mortality and all adverse postoperative events, but it has not been identified in multivariate analysis as an independent predictor. That association might be explained by the fact that insulin therapy in our practice was usually indicated to more severe patients or after failure of conventional diet-oral hypoglycemic drugs; IT group had significantly older diabetes and more diabetes-related comorbidities (PVAD, anemia, higher EuroSCORE II, micro-angiopathy, and poor glycemic control). However, this needs more investigations to be proven.
Certainly, infection of incision sites is one of the most common complications after CABG in diabetic patients. Slightly more than a quarter of our patients presented infection which dominated by superficial and deep wound infection while mediastinitis rate was lesser. The incidence of infective complications was strongly associated with perioperative poor glycemic control. Several independent predictors of mediastinitis were identified in multivariate analysis: age, diabetes duration, obesity, poor perioperative glycemic control, prolonged ICU stay, inotropic support, chest reopening for bleeding, and blood transfusion. However, BITA was indicated in the univariate analysis but was not significant in multivariate analysis as an independent predictor of mediastinitis. Even if several recent publications [28, 29] claimed that BITA use has not been associated with an increased risk of mediastinitis compared to SITA, the debate remains; Taggart et al. [30] had published the 5-year results of ART investigation and found that BITA was significantly associated with higher rate of both sternal wound complications and sternal reconstructions without benefit of survival or freedom from adverse events at 5 years. However, it seems that the risk can be lowered if graft harvesting was made by skeletonized fashion with meticulous attention to preserve sternal blood flow [31, 32] .
Several studies have shown the superiority of arterial grafts over venous grafts in terms of long-term survival, need of repeated revascularization, and graft failure [28, 29, 31, 32] without impact on in-hospital mortality [33] . But in our practice, and for a long time, we considered diabetes as an absolute contraindication to BITA harvesting because of the "inevitable and frightening" mediastinitis. This situation has been a real obstacle to the development of all arterial revascularization strategies even in case of young and low-risk patients. Lately, since 2010, we have changed this paradigm and adopted a cautious and progressive strategy towards using skeletonized BITA [5] . There was no significant difference of mediastinitis rate between BITA and SITA use (6.8% vs. 3.2%, p = 0.121) (see Additional file 1: Table S1 ). Moreover, BITA was associated in univariate analysis with a protective effect on survival as well as complete revascularization. That concept was confirmed by many studies which have suggested a survival benefit for CABG versus percutaneous coronary intervention in DM, which can be due to the completeness of revascularization and to the good long-term patency of ITA over SVG [33] [34] [35] .
Limitations of the study
Several important limitations exist in the current study. Mainly, it is limited by its mono-centric observational retrospective nature. The period of recruitment is too Fig. 4 Kaplan-Meier survival curve (D) for the whole cohort with comparison between cardioplegia protocols: cold blood cardioplegia (n = 242, 45.7%), mixed cardioplegia (n = 78, 14.7%), and cold crystalloid cardioplegia (n = 209, 39.5%). CCC: cold crystalloid cardioplegia, MC: mixed cardioplegia, CBC: cold blood cardioplegia long, and the population is too small, which is an obstacle to draw strong conclusions. Some detailed data was not always available in our registry such as SYNTAX score and HbA1c measurement which was not a routine practice before 2015. The follow-up was only 86.1% completed and does not include a systematic angiographic control of the patency of grafts and anastomoses. Information about the main cause of death was not always available. The multivariable analysis of inhospital mortality may be underpowered because of the relatively small number of deaths.
Conclusion
Even in low-volume centers in developing areas, CABG is an effective therapy for CAD in diabetic patients despite a relatively higher morbidity and mortality. We recommend strict perioperative glycemic control, complete revascularization, and BITA use. The authorities must apply a policy to improve early detection of diabetic patients who are at high risk of CAD, establish primary and secondary prevention protocols, and prepare appropriate structures with multi-disciplinary teams. As for practitioners, they have to improve their therapeutic protocols, which must be more aggressive for early management and better diabetic control.
Additional file
Additional file 1: Table S1 . Independent predictors of mediastinitis by binary logistic regression analysis. 
